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Abstract 

The magnetic moments of the low- lying spin-parity J p = l/2~ , 3/2~ A resonances, like, for 
example, A(1405) l/2~, A(1520) 3/2", as well as their transition magnetic moments, are calculated 
using the chiral quark model. The results found are compared with those obtained from the 
nonrelativistic quark model and those of unitary chiral theories, where some of these states are 
generated through the dynamics of two hadron coupled channels and their unitarization. 
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I. INTRODUCTION 



One of the most intriguing issues of the present day nuclear-particle physics is to elucidate 
the nature of hadron resonances using QCD based theories. There are different ways to look 
into the underlying structure of a hadron and a lot of effort has been spent in this direction, 



specially, by studying radiative decays and__e 
baryons and mesons and their resonances 



ectromagnetic properties of the ground state 



14j . These studies reveal that instead of the 



traditional picture of a baryon as a three quark state and a meson as a quark antiquark 
pair 



151 ]. some excited hadrons seem to have more complicated structures, where the con- 
tribution from the meson cloud or a picture in which the hadrons are the building blocks of 
the theory seem to take an advantage. Some examples of these type of hadrons are A(1405), 
A(1670), A(1520), / (980), a (980), 0(2170), JV*(1710), etc. These states have been studied 
within effective field theories based on chiral Lagrangians and unitarity and it has been 
found that the observed properties, like mass, width, partial decay widths, etc., are well 
understood within a framework in which these states arise as a consequence of the underly- 
ing hadron dynamics when different relevant coupled channels are considered. For example, 
A(1405) is generated in the KN-nY, system, tr(600), / (980) and a o (980) in the KK^ %ir, 



and 7r?7 dynamics, 0(2170) is found to get formed in the (f>KK system, etc., 
In these approaches, the scattering matrix is obtained by solving the Bethe-Salpeter equa- 
tion and poles found in the second Riemann sheet are related to resonant states. From the 
pole position the mass and width of the resonance is extracted directly and the coupling of 
the resonance to the different channels can be obtained from the residues of the scattering 
amplitude at the pole position. However, the evaluation of other static properties of the res- 
onance, for example, magnetic moments, is not so straightforward, since the wave functions 
and operators are not manifestly present in these approaches. Thus, alternative methods 
involving the calculation of the scattering matrix are required [si, [3]. This situation is in 
contrast with the one of the SU(6) quark models, where the wave function of a resonance is 
given as a superposition of different spin states in the 70 dimensional representation and the 
magnetic moment is evaluated from the matrix elements of the magnetic moment operator 
for the given wave function. 

A model which has the advantages of the conventional quark model in the evaluation of 
the electromagnetic properties of a resonance, but which goes beyond it, is the chiral quark 



model (xQM) 23|, |24j. In this case, the dominant process is the fluctuation of a valence 



quark q into a quark q' through the emission of a Goldstone boson. Hence, the influence that 
the Goldstone boson degrees of freedom could have on the magnetic moment of a state is 



taken into account 



121 ] . However, unlike the effective field theories based on chiral 



Lagrangians, no unitarization procedure is considered in the chiral quark model. It would 
be interesting to know what can be the results obtained within a chiral quark model for the 
magnetic moment of resonances like the A(1405), A(1670), etc., where the presence of the 
meson cloud plays a crucial role in the determination of their properties. This is precisely 
the objective of this paper. 

The paper is organized as follows: first, we introduce the nonrelativistic SU(6) quark 
model and within the same the method to calculate the magnetic moment of the low-lying 
J p = 1/2", 3/2" A resonances and their transitions. Next, we introduce the chiral quark 
model and the procedure needed to determine the effect of the presence of the Goldstone 
bosons on the magnetic moment of the A resonances. Finally, we show the results found 
within the two models, and, whenever possible, we compare the results with the findings 
of unitary chiral theories (which are built on hadronic degrees of freedom) and draw some 
conclusions. 



II. MAGNETIC MOMENTS IN THE SU(6) QUARK MODEL 

In the nonrelativistic SU(6) constituent quark model, the low- lying negative-parity A 
resonances are described as p-wave excitations (thus total orbital angular momentum L — 1) 
of the 70-dimensional representation, which has the following SU(2)xSU(3) decomposition 

70 = 2 8 © 4 8© 2 1 © 2 10. (1) 

In Eq. (CQ) we have adopted a notation which mimics the usual spectroscopic notation, 
2S+1 D, to indicate the total quark spin S = 1/2,3/2 and the dimension D of the flavor 
SU(3) representation. 

The A particles are isospin singlets, thus, their wave functions must be a linear combina- 
tion of the flavor octet and singlet states, i.e., 

|A> = a 1 | 2 8) + a 2 | 4 8) + a 3 | 2 l), (2) 
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where the a\, az, coefficients (different for each A resonance) are defined such that the 
| A) state is normalized to unity, i.e., a\ + a 2 . + a| = 1. 

The spin S = 1/2,3/2 states present in Eq. ([T]) are coupled with the orbital angular 
momentum L = 1 such that for a certain total angular momentum J = L © S, the wave 
function of the | 2 8), | 4 8) and | 2 1) states in Eq. ([2]) are given by 

i 
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Here m^, ms and M correspond to the projection of the orbital, spin and total angular 
momenta on the z-axis, respectively, C(L S mi J ms\J M) are Clebsch-Gordan coefficients, 
and ip, Xi 4> represent the spatial, spin, and flavor wave functions. The superscript S (A) 
or p (A) in these wave functions indicate the symmetry related to the three quarks: totally 
symmetric (antisymmetric) among; the three quarks or odd (even) under the exchange of the 
first two quarks. Following Ref. 15[, the spin 1/2 and 3/2 wave functions are given as: 
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and, for the A states, the flavor wave functions are: 

1 



[2uds — 2dus + usd — dsu — sud + sdu], 



■[usd — dsu + sud — sdu], 



= ~^j^ U( ^ s ~ dus — usd + dsu + sud — sdu}. 



(7) 



In nonrelativistic quark models, as the one of Ref. 15| , the orbital motion of the system 



is described by the three-dimensional harmonic oscillator wave functions, ipNLm L 
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25|. In 



such a case, it is convenient to work with Jacobi coordinates, defined in terms of the three 
quark positions fj as 

P = ^=(ri - r 2 ), 

\ = —(r 1 + r 2 -2r 3 ), (8) 

since in terms of these variables the Hamiltonian of the three quark system gets separated 
into two independent three-dimensional oscillators. In this way, the orbital angular momen- 
tum is given by L = l p +l\, with l p = pxp p , l\ = A xp A , where p p = —iftV p and f>\ = —iftV\. 
The ground state of a baryon consists of three quarks in the ground states, thus, N = 0, 
while the first excited state, N = 1, is realized when one of the three quarks is excited to 
the P-state with L — 1, having either L = 1 or — 1. The orbital angular momenta L and 



l\ operate over these spatial wave function as follows [l] (in the following we omit the index 
TV in the wave functions for simplicity) 
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where the superscript z indicates the z component of the vector. 

In the nonrelativistic quark model, the magnetic moment operator for a baryon B is the 
sum of the contributions coming from the spin and orbital angular momenta of the three 
quarks which constitute the baryon, 

3 3 

P>B = fil + Pb> $B = ^2Viv(i), VB = ^2nM^, (10) 

8=1 8=1 

with fii = Qi/(2Mi) being the quark magnetic moment, where Qi and Mi are the charge and 
mass of the ith quark, respectively, a the Pauli matrices and L(i) — fj, x pi can be written 
in terms of l p , l\, pxp x and A x p p using Eq. (JH]) 41]. To determine the magnetic moment 
of the low- lying l/2~ and 3/2~ A resonances, we need to calculate the expectation value of 
the zth component of the operator fI B , p Bz , between the state of Eq. ([2]) for a certain total 
angular momentum J and its third component M, that is, 

Ha(J,M) = (A; J, M\p Bz \A; J, M), (11) 
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where, from Eq. (jTUl) 



fi A ( J, M) = fi s Az (J, M) + fi L Az (J, M), 

3 

fi s Az (J,M) = (A; J, M|/if |A; J, M), /if = ^/^(i), 



3 



fijl t (J,M) = (A;J,M\rt\A;J,M), //^/^(i). (12) 



i=l 



For a certain total angular momentum J, defining the state | 2 8) as |1), | 4 8) as |2) and | 2 1) 
as 1 3), and using Eq. ([2]), we get 



3 3 



V S Az (J,M) = S £ j S ^a m a n {JM\n s z \JM) mn} (13) 

m=l n=l 
3 3 

ni z {J,M) = ^^a m a n (JM|/4VM) mn , (14) 



m=l n=l 



Thus, the calculation of the magnetic moment for the low-lying A resonances reduces to 
the determination of the transition matrix elements (JM\fi z \JM) and (JM\fi z \JM) . In 
Eqs. f|T5]) - ffrS]) we show the results found for these transitions matrix elements for (J, M) = 
(1/2, 1/2), (3/2, 1/2), (3/2,3/2), where we have defined A = \i u + fi d + /x s and B — fi u + 
fid — 2/ijj. The element (1, 1) in the matrices corresponds to the transition between the 
states 2 8 — > 2 8, the element (1,2) to the transition 2 8 —> 4 8, etc. As it can be seen, for 
the orbital angular momentum contribution, the matrix element involving the transition 
2 8 — > 4 8, and vice versa, is zero. This is because the spin parts of the wave functions of the 
states | 2 8; JM) and | 8; JM) are orthogonal, which remain unaltered by the orbital angular 



1 The results found here for J = 1/2, M = 1/2 are same as the ones obtained by the authors of Rcf. [3|. 
Note, however, that within their normalization for the spin and flavor wave functions, there should be a 
global minus sign in the transition matrix elements ( 4 8|/if | 2 1), ( 2 l|/if | 4 8) and the coefficient should 
be replaced by —02 in order to be consistent. A factor 2/3 should be multiplied to the orbital magnetic 
moment transition elements. The sign as well as the 2/3 factor are missing in their calculations. We 
thank A. Hosaka for clarifying this issue. 
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momentum operator. 
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Each of the elements in the matrices of Eqs. (|T5|) - (|T8|) can be written as 



for the spin contributions, and 



q=u,d,s 



(18) 



(19) 



q=u,d,s 

for the orbital contributions, with Ag^ al = q + — q~ and Ag^i = Q 



(20) 

_ the spin and 



orbital polarizations, respectively, of the valence quarks for the transition matrix element 
considered. Here, q + (q~) represents the number of quarks with spin up (down) and 
(g ( ~ 1 ' ) ) stands for the number of quarks with the projection of the orbital angular momentum 
being +1 (—1). 
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Note that Eqs. ( 1X3]) and (|T4l) correspond to the magnetic moment of a certain A resonance. 
However, it is also possible to determine the magnetic moment for a transition involving two 
different A states. The wave functions related with these two A resonances will have the 
form of Eq. (F2J), but different coefficients in front of the states | 2 8), | 4 8),| 2 1). Thus, if we call 
these resonances as A and A', respectively, the wave functions for these two states will be of 
the form 

|A) = a 1 | 2 8) + a 2 | 4 8) + a 3 | 2 l>, (21) 
| A') =a / 1 | 2 8) + a / 2 | 4 8) + 4| 2 l), (22) 

and thus, analogously to Eqs. (1X31) and (1XXT) . the spin and orbital transition magnetic mo- 
ments between these resonances will be given by 

3 3 

/i£^ A , z (J,M) = 5>rX<™; JM\fi s z \n; JM), (23) 

m=l n=l 
3 3 

/U^ A , Z (J,M) = ^2^2a m a , n (m)JM\fj^\n;JM). (24) 



m=l n=l 



III. MAGNETIC MOMENTS IN THE CHIRAL QUARK MODEL 



The basic idea of the chiral quark model 23|, |24j is that the nonperturbative QCD phe 



nomenon of chiral symmetry breaking (xSB) takes place at a distance scale significantly 
smaller than that of color confinement ( A x sb ~ 1 GeV while experimental data indicate 
that the confinement scale is Aqcd = 100 — 300 MeV). Thus, in the interior of a hadron, in 
the scale range between A x qcd and A x sb, the effective degrees of freedom are the constituent 
quarks and the Goldstone bosons (GBs). Thus, properties of a hadron, like spin, magnetic 
moment, etc., can be understood by the presence of a quark sea generated by the emission 
of GBs from the constituent quarks of the hadron (valence quarks). This emission of GBs 
creates quark- ant iquark pairs with quantum numbers J p = 0~ from the vacuum and flips 



the quark spin direction [l|, |2|, |5|. 
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26. 2 



q ± ^q' + + GB-+q' + + (qq'). (25) 

In the xQM, the effective Lagrangian describing the interaction between the quarks and 
the Goldstone bosons is given by 

£ = M0<L (26) 
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where q 



d 



and <j) is a matrix containing the Goldstone bosons, 



/ 
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if 



(27) 



In Eq. fl27|) . £ = gi/gs, with #i and g$ being the coupling constants for the singlet and 
octet of GBs, respectively. The parameters a, (3 and ( are suppression factors to take 
into account SU(3) breaking effects due to the fact that the quark s is heavier than the 
quarks u and d. Since the quark s (or/and antiquark s) is present in the particles K, rj 
and rj', the corresponding fields in Eq. ( 1271 ) are multiplied by the factors a (for K), (3 (for 
rj) and ( (for 7/). The fields rj and r( are multiplied by different factors to consider the 
breaking of the U(3) symmetry. The parameter a = |g§| 2 denotes the probability of the 
chiral fluctuation w ± (ii ± ) — > d T (u T ) + {tt + ,tt~}, whereas a 2 a, j3 2 a and ( 2 a represent the 
probabilities of the fluctuations n ± (<i ± ) — >• s T + {K~,K }, u ± (d ± ,s ± ) —> u T (d T ,s T ) + r], 
and u ± (d ± , s ± ) — > u T (d T , s T ) + rj', respectively. 

Within this framework, the part of the magnetic moment of a certain baryon arising from 
the spin angular momentum will have, thus, contributions from the valence quarks, //^j, sea 
quarks, /if, a , as well as from the orbital angular momentum of the quark sea (q' + (qq') in 
Eq. (E5D), /4 bit , 



/'' 



f^val + f^sea, + /^orbif 



(28) 



The quantity fi^ al has its origin in the spin polarization of the constituent quarks and, 
therefore, corresponds to the results obtained for the spin part of the magnetic moment 
within the nonrelativistic quark model explained in the previous section. The sea quark 
spin contribution, /if ea , can be calculated by substituting for each valence quark 



±\|2 



GB 



(29) 



where -P[ 9 ,gb] is the probability of emission of a Goldstone boson from the quark q and 
|-^(g ± )| 2 the probability of transforming a q ± quark as in Eq. ff25]) . These quantities are 



given by 



12| 
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(9 + 6a 2 + f3 2 + 2C 2 ) 



" (9 + 6 « 2 + d 2 + 2C 2 ) 
o 

% (6a 2 + 2/3 2 + C 2 ) , 



(30) 



and 



\*{u ± )\* = a 
\^{d ± )\ 2 = a 
|V(^)| 2 = a 



(3 + /3 2 + 2C 2 ) w T + d T + aV 
+ 1 (3 + + 2C 2 ) rf T + 



it 



a 2 n T + a 2 ^ + - (2f3 2 + ( 2 ) s T 
3 



(31) 



Equations ( 1301) and ( 1311) clearly show that the process of Eq. ( 1251) changes, for the wave 
function considered, the spin structure with respect to the one associated with the valence 
quarks. This difference is defined as Agf, a , such that the contribution to the magnetic 
moment from the sea quarks is written as 

VL= Y A ?fea/V (32) 

q=u,d,s 

As discussed in Ref. the quark sea generated in Eq. ( 125]) carries a significant amount 
of orbital angular momentum. In fact, parity and angular momentum conservation imply 
that the final state quark q' and (q'q) in the GB emission process of Eq. (I25p must be in a 
relative P-wave state, generating in this way a contribution to the magnetic moment, /if rbit . 



The orbital moment of each process q — > q + GB is 



1 B Q, 



26] 



n{q ± q 



Qq' /; \ | Qq Qq' n \ 
2M q {lqz) + ^Mgb~ (/gBz) ' 
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where the one unit of angular momentum is shared by the two bodies, i.e., q' and GB, 



Mi 



GB 



(^GBz) 



(34) 



M q + M G B M q + Mqb 

The orbital moment in Eq. (|33|) is then multiplied by the probability for such a process to 
take place (which can be directly read from Eq. (l3Tj) ). to yield the magnetic moment due to 
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all the transitions starting with a given valence quark: 

1 



[/i(u ± -»■ )] = ±a 
\p(d± -> )] = ±a 
[/i(s ± -» )] = ±a 



6 



(3 + /3 2 + 2C 2 ) y u(n ± -»■ u T ) + ^(u* -> d T ) + q 2 //(u ± ->> 



//(d* u T ) + - (3 + P 2 + 2( 2 ) fild* -)• rf T ) + a 2 /^ ->• 
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(35) 



2 /i(s ± -> w T ) + « 2 /i(s ± -> + - (2/3 2 + C 2 ) /i(s ± -> s = 



Using Eqs. fl33|) and f[3T|) . we can write Eq. fl35|) in terms of the quark and Goldstone boson 
masses and the parameters of the xQM, i.e., a, a, (3 and (, as 
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Then, the contribution /if rbit is given by 



A^orbit 
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(37) 



In the chiral quark model, the fraction of the magnetic moment of a baryon related with 
the orbital angular momentum, fi L , has contributions from the valence quarks, /i^ al , as well 
as from the sea quarks, fi^ ea . In other words: 



^ L — Mval + A*se£ 



(38) 



The determination of corresponds to the calculation of the orbital contribution to the 
magnetic moment by the constituent quarks of the baryon in the nonrelativistic SU(6) model. 
This has already been discussed in Sec. HI1 and the results are given by Eqs. ffTTj) and ([TBI . 

Similarly to the evaluation of the spin part of the magnetic moment, the sea quark 
orbital contribution can be obtained by using the following replacement in the wave function 
considered 



g (±1) ^-E r ^B]? (±1) + |^(g (±1) ; 



(39) 
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with T[ 9i qb] the probability of emitting a Goldstone boson from a quark q( ±lS) and [^(g^ 1 ) 



the probability of transforming a quark q^ 1 ^ into a quark q'^ 1 ' 
given by, 



6|. These probabilities are 



5Z T [«.gb] =a(l + a 2 ), (40) 

GB 

J2 T ld,GB]=a(l + a 2 ), (41) 

GB 

XX,gb] =2a« 2 , (42) 



GB 



and 



(±i)^|^„ rw (±i)^ a 2 s (±i) 



\^(d^)\=a[u^ + a 2 s^% (43) 
|^ S < ±1 >)| 2 = aaV ±1) + <* (±1) ]- 



Equation (139]) alters the orbital quark polarizations associated with the valence quarks, 
giving rise to additional terms. This difference is defined as Ag^, a and contributes to the 
orbital part of the magnetic moment of a certain baryon as 

»L= Yl A ^a/V (44) 

q=u,d,s 

The quantities /i^ a , /xf rbit need to be determined for the different matrix elements of 
Eqs. (IT5"|) and (1161) . whereas /x^ a has to be calculated for the matrix elements of Eqs. (j!7p 
and fl!8p . i.e., for the different transitions involving the states | 2 8), | 4 8) and | 2 1) for a certain 
J and M. In this way, we will obtain the matrix elements (JM\fi s \ JM) and (JM\fi L \ JM) 
associated with the chiral quark model and, using Eqs. (I13p . (fl4|) . (1231) . and (1241) . the mag- 
netic moment for the different low-lying A resonances and their transitions. 

To calculate these matrix elements, first, we need to establish the value of the param- 
eters present in the xQM, i.e., a, a, (3 and (, which, as mentioned above, are related to 
the probability of fluctuation of a constituent quark by emitting Goldstone bosons. These 
parameters are fixed in our case to the following values: 

a = 0.12, a = /3 = 0.45, C = -0.15, (45) 



12 



12 



26]. 



which reproduce quite well the magnetic moments of the l/2 + and 3/2 + baryons [l, 5 
In the xQM, the quark and Goldstone boson masses also enter in the evaluation of the 
magnetic moments. We use the following values for them: 



M u = M d = 330, M s = 510, M n = 137, M K = 496, M v = 547, M v > = 958, (46) 



all of them expressed in units of MeV. In this way, we have that 
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where /xjv is the nuclear magneton. 

Now we have all the ingredients necessary to calculate the transition matrix elements of 
Eqs. ( |T5|) - (fT8|) using the chiral quark model. In the following we give the results obtained 
for the contributions /if ca and /i^ ea . Introducing the quantities 
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Using Eqs. f fT5|) -f lT8|) for the respective valence contributions, Eqs. (j4"8l - (j5"T|) for the spin and 
orbital sea contributions, Eq. ( )37|) for the Cheng-Li mechanism and Eqs. ( 128]) and ( )38|) . we 
find the following numerical results, in units of the nuclear magneton, for fi S and fi L within 
the chiral quark model: 
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-0.222 0.141 



-0.141 -0.222 
0.006 0.141 
0.003 



(52) 



(53) 



11 

22 



31 
22 









-> 

22/ 



0.074 


-0.240 





-0.157 






31\ 




/33 




33\ 




22/ 


= r 


\22 




22/ 



-0.240 


0.074 
/ 



0.037 


-0.120 





0.063 




-0.120 


0.037 



\ 



(54) 



(55) 



IV. SU(6) QUARK MODEL VS. CHIRAL QUARK MODEL 

Once we have determined the transition matrix elements involving the states | 2 8), | 4 8) 
and | 2 1) for J = 1/2, and 3/2 within the SU(6) quark model as well as using the chiral 
quark model, we can proceed further and calculate the magnetic moments of the low-lying 
A resonances and their transitions using Eqs. f|T3|) . f[T4"|) (1231) . fl24|) . For this, we need to 
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know the coefficients a±, ci2 and a% present in these equations and which give the weight of 
each of the | 2 8), | 4 8) and | 2 1) states in the wave function of the A resonances considered. 
Here we use for these coefficients the values obtained by Isgur and Karl 15j, which are in 
good agreement with experimental findings in the strangeness and -1 sectors. 



TABLE I. Magnetic moments in the SU(6) and chiral quark models for the low-lying 1/2 and 
3/2" A resonances. 









Spin 






Orbital 




Quark model 


yQM 


Li J m(A — 


> A') 


Valence 


Sea 


Orbit 


Total 


Valence 


Sea 


Total 


Total 


Total 


ui i (1405 - 

2 ' 2 


■» 1405) 


0.194 


-0.006 


0.006 


0.194 


-0.128 


0.015 


-0.113 


0.066 


0.081 


ui i (1405 - 

2 ' 2 


■» 1670) 


0.245 


-U.UOl 


u.uru 


0.204 


-0.139 


0.010 


-0.130 


0.105 


0.075 


ui i(1405 - 

2'2 


> 1800) 


-0.143 


0.035 


-0.006 


-0.114 


-0.084 


0.007 


-0.078 


-0.227 


-0.191 


fi*' 5(1670 - 


» 1670) 


-0.802 


0.116 


-0.030 


-0.715 


0.149 


-0.008 


0.141 


-0.653 


-0.575 


in i(1670 - 

2»2 


» 1800) 


0.105 


0.068 


0.001 


0.174 


0.201 


-0.011 


0.190 


0.305 


0.364 


ui i(1800 - 

2 » 2 


» 1800) 


0.676 


-0.223 


0.030 


0.484 


-0.053 


0.003 


-0.049 


0.623 


0.434 


us i(1520 - 

2'2 


» 1520) 


-0.154 


-0.002 


-0.005 


-0.160 


-0.058 


0.007 


-0.051 


-0.212 


-0.211 


ii3 i(1520 - 

2 ' 2 


» 1690) 


-0.181 


0.033 


-0.007 


-0.155 


-0.087 


0.006 


-0.080 


-0.268 


-0.236 


ii3 i(1690 - 

2 ' 2 


» 1690) 


0.278 


-0.081 


0.012 


0.209 


0.132 


-0.007 


0.125 


0.410 


0.334 


lis 3(1520 - 

2'2 


+ 1520) 


-0.461 


-0.005 


-0.015 


-0.481 


-0.173 


0.021 


-0.153 


-0.635 


-0.634 


as 3(1520 - 

2 ' 2 


» 1690) 


-0.543 


0.098 


-0.021 


-0.466 


-0.260 


0.019 


-0.241 


-0.803 


-0.707 


/is 3 (1690 - 

2 ' 2 


» 1690) 


0.834 


-0.243 


0.036 


0.627 


0.396 


-0.021 


0.375 


1.230 


1.000 



In Table [I] we show the results found for the magnetic moments with the two above men- 
tioned models, where we have separated the contribution to the magnetic moment originat- 
ing from the constituent quarks or valence quarks, sea quarks, etc. The magnetic moments 
obtained within the SU(6) quark model correspond to the summation of the contributions 
from the spin and orbital parts for the valence quarks, while in the chiral quark model case 
we also have contributions from the sea quarks, as discussed in the previous section. 

As can be seen from the table, the major part of the contribution to the magnetic moment 
of the low-lying A resonances comes from the valence quarks, but the consideration of the 
sea quarks present in the xQM makes that the magnetic moment for all the elastic transi- 
tions decreases in magnitude (absolute value), except for the A(1405) 1/2", whose magnetic 
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moment augments. The magnetic moments of the A(1405) and A(1800) l/2~ resonances are 
positive and have opposite sign to the one associated with the A(1670), whereas the mag- 
netic moment of the A(1520) 3/2~ is negative and with opposite sign to the corresponding 
one for the A(1690) 3/2". 

We can compare these results with the ones obtained within unitary chiral theories. In 
particular, in Ref. j^] the magnetic moments for the A(1405) and A(1670) resonances were 
calculated, getting the following values: 



/ii i(1405 -> 1405) = +(0.2 - 0.5)//jv, 

/ii i(1670 -+ 1670) 0.29/xjv, (56) 



/xi i(1405 -+ 1670) 



0.023/x 



A' ■ 



The magnetic moment of the A(1670) is negative, while the one for the A(1405) is positive 
and the magnetic moment for the transition is much smaller in absolute value than the one 
of the A(1670). These features are also shared by the SU(6) quark model and the chiral 
quark model. However, although in the chiral quark model, somehow, the effect of the meson 
cloud is taken into account when determining the magnetic moment of the resonances, the 
results obtained here are quite different as compared to the ones found within unitary chiral 
theories, which also considers the effect of the meson cloud. Comparing the results in Eq. (|56|) 
with the corresponding ones in Table H] for the chiral quark model, we see that the magnetic 
moment of the A(1405) in the unitary chiral theories is at least two times bigger than the 
one obtained with the chiral quark model, while the magnetic moment of the A(1670) is 
around a factor of 2 smaller than the one determined within the chiral quark model. For 
the transition magnetic moment between the A(1405) and A(1670), the chiral quark model 
predicts a magnitude around 3 times bigger than the result related to unitary chiral theories. 
It is also interesting to notice that in the chiral quark model, the magnetic moment of the 
A(1405) and the transition of this state to the A(1670) are comparable in magnitude, while 
in the unitary chiral theories, the magnetic moment of the A(1405) is, at least, about 10 
times bigger than the one for its transition to the A(1670). 

Where do these differences in the magnetic moments come from? In the unitary chiral 
theories, the A(1405) and A(1670) get generated though the hadron-hadron dynamics in- 
volved in the interaction of the different coupled channels considered, like, KN, 7r£, r]A, etc., 
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and its unitarization thr oug h the determination of the scattering matrix using the Bethe- 



Salpeter equation {3! [l6^ 18 1 . The result is that these states can be interpreted as a kind of 
molecule where the hadrons which form them keep their identities. From the other side, the 
chiral quark model considers the effect that the presence of the pseudoscalar mesons, it, K, 
r) and rj', can originate in the magnetic moment through a quark fluctuation, as shown in 
Eqs. (125]) and (|39|) . The different results obtained within the two models shows clearly the 
different nature that these states posses in the two formalism. 

Definitively, the measurement of these magnetic moments or transition magnetic moments 
will help in clarifying the nature of these kind of resonances. 



V. CONCLUSIONS 



We have determined the magnetic moment for the low-lying l/2~ and 3/2~ A resonances, 
as well as their transitions, within a nonrelativistic SU(6) quark model and within the chiral 
quark model. In case of the chiral quark model, we have evaluated the contribution coming 
from the constituent or valence quarks as well as from the sea quarks obtained from the 
fluctuation process based on the emission of Goldstone bosons from the quarks. We have 
found that the major part of the magnitude associated to the magnetic moment of the A 
states studied has its origin in the valence quarks, however, the contribution from the sea 
quarks give rise to an augment or reduction of them. For the case of the A(1405) and 
A(1670), we have also compared the results obtained within unitary chiral theories, in which 
these A states get generated through the hadron dynamics, with our findings using the chiral 
quark model. Although some features, like the sign of the magnetic moment of these two A 
states and its transition, are common in both models, the difference in magnitude reveals 
the different nature involved for these states within the two models. Measurements of these 
magnetic moments will be of great help in understanding the structure and nature of these 
resonances. 
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